INTRODUCTION {#sec1-1}
============

Metabolic syndrome (MetS) is a clustering of several cardiovascular risk factors as hypertension (HTN), dyslipidemia, and diabetes.\[[@ref1]\] Retrospective studies have shown the positive effect of separate components of MetS on the mortality rate.\[[@ref2]\] Nevertheless, studies using factor analysis of MetS components, including variables based on National Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP III) and International Diabetes Federation criteria, have suggested that MetS is not a single disease entity and that MetS-related phenotypes comprise more than two underlying latent traits.\[[@ref3][@ref4][@ref5][@ref6]\] If each MetS-related phenotype is a component of a clustered factor, identification of MetS phenotypes will improve our understanding of MetS. In doubt, genetic factors are related to the different phenotypes of MetS but it is important to increase our knowledge about the relationship between prevalence and rate of all-cause mortality due to MetS. Recent studies showed the common approach of a physician regarding the management of MetS is to treat individual components of MetS. While control of MetS has extremely importance because adverse effect between MetS and incidence of diabetes, cardiovascular disease (CVD) and premature mortality has evidenced.\[[@ref7][@ref8][@ref9]\] However, it is unclear how different phenotypes of MetS effects on all-cause mortality rate among the Iranian population. We believe finding a relation between different phenotypes of MetS in both sexes may give policy and health care decision makers some indications for better planning. Moreover, these findings will create new viewpoints for clinicians.

Hence, this study designed to focus on different phenotypes of MetS and their impact on the all-cause mortality among a sample of the Iranian population.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

The Isfahan cohort study (ICS) is a population-based, on-going longitudinal study of adults aged 35 years old or more, living in urban and rural areas of three counties in central Iran namely Isfahan, Najafabad and Arak.\[[@ref10]\] Baseline data collection for the ICS began in 2001. Participants were selected by multistage random sampling and were recruited to reflect the age, sex and urban/rural distribution of the community.\[[@ref11]\] The Ethics Committee of the Isfahan Cardiovascular Research Center approved the study. The sample included 6323 subjects 35--97 years of age (average 50.7 ± 11.6 years) who had complete data for body weight status, and the components of MetS. The sample was restricted to subjects with MetS based on the NCEP-ATP III\[[@ref1]\] criteria and no history of coronary heart disease, stroke, or cancer at the time of the baseline clinical examination. All participants provided their informed consent to participate in the clinical examination and follow-up study.

Assessments {#sec2-2}
-----------

After obtaining informed written consent, medical interview, and physical examination were conducted. Measurements of blood pressure, anthropometric parameters as well as fasting blood tests were carried out following standard protocols and using calibrated instruments as has been described previously.\[[@ref12]\] WC was taken as the smallest circumference at or below the costal margin. HTN was defined as systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg in men and women or treatment of previously diagnosed HTN. Subjects who smoked daily were considered as current smoker. In 2007 (the 7^th^ year of follow-up), participants were invited for repeated laboratory measurements, physical examination and interview using the same protocol as baseline survey. Laboratory measurement methods were similar in 2001 and 2007, but the auto analyzer was different (Eppendorf, Hamburg, Germany in 2001 and Hitachi 902, Japan in 2007). Both instruments have been validated with an external standard laboratory center.

Definition of metabolic syndrome {#sec2-3}
--------------------------------

The criteria of NCEP include: (1) Central obesity as the waist circumference \>102 cm in men and \>88 cm in women; (2) Fasting plasma triglycerides (TGs) ≥150 mg/dl;(3) low high-density lipoprotein (HDL) cholesterol with fasting HDL cholesterol \<40 mg/dl in men and \<50 mg/dl in women; (4) HTN with systolic blood pressure ≥130 mmHg and/or diastolic blood pressure 85 mmHg and/or antihypertensive agents\[[@ref5]\] hyperglycemia with fasting plasma glucose ≥100 mg/dl and/or hypoglycemic medications\[[@ref13]\] Abdominal obesity (ABO), high fasting glucose, HTN and hypertriglyceridemia were considered as ABO, high fasting blood glucose, HTN and high TG.

Statistical analysis {#sec2-4}
--------------------

data were recorded and analyzed using SPSS for Windows (version 15.0; SPSS Inc., Chicago, IL, USA). Student\'s *t*-test and Chi-square test were used to compare quantitative and qualitative data respectively.

RESULTS {#sec1-3}
=======

The median follow-up for survivors was 108 years (range follow-up, 1--129 years). There were 331 deaths during follow-up. Of these, there were 118 CVD death, 31 of which due to CHD death. In total, 398 males and 848 females were studied.

The comparison of baseline data across different groups of participants based on the sex and CVD \[[Table 1](#T1){ref-type="table"}\]. Participants with CVD history have higher mean of age, and higher prevalence of HTN, HGLU, HTG and dyslipidemia. CVD patients are less educated (*P* \< 0.001). Smoking status is more prevalent among CVD\'s patents (*P* \< 0.016). The pattern of distribution of different phenotypes of MetS differs between both sexes. The highest prevalence in a woman is related to clustering of high TG, low HDL and obesity (14.0%). Whereas, this figure is 3.3% in men. High TG, HTN and ABO have the highest prevalence among women and men (8.0%, 4.0%, respectively), which followed by low HDL and HTN, obesity (4.0%) in women \[[Table 2](#T2){ref-type="table"}\]. [Table 2](#T2){ref-type="table"} shows the prevalence of all-cause mortality among subjects with different phenotypes of MetS based on sex. During 9 years of follow-up, 579 CVD deaths occurred, 314 among subjects with MetS (122 men and 194 women) and 265 among those with-out the syndrome (192 men and 71 women) (not weighted data). Among different phenotypes of MetS components, clustering of high TGs, low HDL and ABO was the most related to the all-cause mortality among women and followed in order by high TGs, HTN and ABO. In men, the highest rate of all-cause mortality was related to high TGs, low HDL and HTN \[[Table 2](#T2){ref-type="table"}\]. Clustering of four components (high TGs, low HDL and HTN and obesity) is the most related to all-cause mortality in the both sexes (12.1% in men, and 21.5% in women). Women with MetS consistently had a higher all-cause mortality rate than those without MetS, whereas no significant difference in mortality rate was observed among men (7.2 vs. 2.5) \[[Table 3](#T3){ref-type="table"}\].
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Distribution of demographic and CVD risk factors based on the sex and presence of CVD

![](ABR-5-185-g001)

###### 

Different phenotypes of patients with MetS
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CVD mortality on various MetS phenotype
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Cox proportional hazards regression models confirmed the differential effect by sex in the association between MetS and CVD mortality and revealed a significant sex by MetS interaction (*P* ≥ 0.000); therefore, models were also stratified by sex \[[Table 4](#T4){ref-type="table"}\]. After adjustments for age and sex, the risk of all-cause mortality was higher among all subjects with MetS \[[Table 4](#T4){ref-type="table"}\] Confounding factors and diseases associated with increased mortality risk were sequentially included in the models, increasing the strength of the association between MetS and all-cause mortality. MetS was significantly associated with increased all-cause mortality after adjustments for age, sex, smoking, physical activity, major diseases, BMI, albumin, and LDL cholesterol levels in all subjects (HR 1.41 \[95% CI 1.16--1.72\], *P* ≥ 0.001).
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Association between MetS and CVD mortality
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DISCUSSION {#sec1-4}
==========

To the best of our knowledge, no previous study has been conducted to establish the effect of different phenotypes of MetS associated with CVD events. Our results showed existing HTN in the phenotype of MetS increased the incidence of CVD mortality.

A very recent meta-analysis which done by Mottillo *et al*. suggested about an emerge need to do prospective studies, which investigate the risk associated with the MetS independent of the risk of its individual components in order to establish whether or not the MetS adds any prognostic significance.\[[@ref14]\] Their results showed MetS without considering it is individual components is associated with a 2-fold increasing in the CVD outcomes and increasing in all-cause mortality by 1.5-fold.\[[@ref14]\]

In the previous study which done in the ICS data showed MetS increased the risk of Ischemic heart disease 1.58 (1.06--2.35) in men and 1.72 (1.08--2.74) in women.\[[@ref15]\]

Our results also suggested that clustering TG, HDL and HTN has greater prognostic value for cardiovascular outcomes in Iranian men, whereas in women with clustering of TG, HDL and ABO has superior predictive value for CVD events. Our results showed a woman with the phenotype of high TG, low HDL and ABO had the greatest risk for CVD events (37.6%). Although the exact mechanisms which explaining the role of MetS in increasing the risk of CVD women are unclear; however, numerous theories have been hypothesized.\[[@ref16][@ref17]\] First of all, central adiposity tends to be more pronounced in women post-menopause than in men, and thus may be linked to a higher risk of CVD.\[[@ref18]\] Second, the lipid profile is different in women compared to men. HDL decreases post menopause and low-density lipoprotein (LDL) cholesterol increases post menopause, with LDL particles becoming denser, and therefore, more atherogenic.\[[@ref19]\] Third, there is evidence that elevated TG are more highly associated with coronary artery disease in women than in men. Ina meta-analysis, it was shown that an increase in TG of 18 mg/dl was associated with a 76% increased CVD risk in women compared with a 32% increased risk in men.\[[@ref20][@ref21][@ref22]\] A number of other unique risk factors such as polycystic ovary syndrome, hormonal contraceptive use,\[[@ref23][@ref24]\] and gestational diabetes\[[@ref25]\] may be responsible for greater relationship between the MetS and CVD risk in women.

Study limitations {#sec2-5}
-----------------

Our study has a number of potential limitations. First of all, the length of follow-up was limited to 7 years, which limited the number of events associated with the MetS in our population study.

CONCLUSION {#sec1-5}
==========

This study showed different phenotypes of MetS related with all-cause mortality rate and existing HTN in the phenotype of MetS increased the incidence of CVD mortality.
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